Since the approval of vorinostat for the treatment of refractory cutaneous epidermotropic T-cell lymphoma (CTCL) in 2006, very little data about this treatment have been published. The aim of this retrospective study was to assess the efficacy and safety of vorinostat in patients with CTCL treated between 2007 and 2013 in our department. Fifteen patients (median age 64 years) were included: 9 with Sézary syndrome and 6 with mycosis fungoides. They were all in progression and the median number of systemic treatments previously administered was 3 (range 1-7). With vorinostat treatment, the best response was partial remission in 5 patients (33%) and stabilization in 4 patients (27%). Six patients experienced disease progression. The mean time to response and response duration were 70 (range 31-140) and 300 days (range 157-663) , respectively. The most frequent adverse events were asthenia, weight loss, nausea and anaemia. Vorinostat could be a therapeutic alternative for CTCL after treatment failure.
Cutaneous T-cell lymphomas (CTCL) are a heterogeneous group of lymphoproliferative disorders characterized by an initial cutaneous location. They are classified according to the WHO/EORTC classification (1) . Mycosis fungoides (MF) is the most common form, accounting for more than half of CTCL, while Sézary syndrome (SS) is a rare leukaemic or erythrodermic form of CTCL (1) .
Although early stages of MF (IA, IB, IIA) usually have an indolent course and an excellent prognosis with a 5-year survival of 73-93% (2), more advanced stages of MF (IIB or above) and SS have a poorer prognosis, with a 5-year survival of 27-44% and 24%, respectively (3) .
Disease stage is therefore one of the main criteria when deciding on treatment for CTCL. Early forms (IA-IIA) are usually treated with topical agents, such as dermocorticoids, topical chemotherapy or phototherapy (psoralen plus ultraviolet A (PUVA)-therapy and ultraviolet B (UVB)-TL01). Conversely, more advanced forms (IIB-IV) usually require systemic treatments, such as interferon-α, retinoids or mono-or polychemotherapies (4, 5) . Some patients are refractory to these conventional treatments or relapse rapidly after their discontinuation. Thus, new drugs are developed to treat these refractory CTCL.
Vorinostat (Zolinza ® ; Merck & Co., Whitehouse Station, NJ, USA) is one of these new therapies. Vorinostat is the first histone deacetylase inhibitor (HDACi) approved by the Food and Drug Administration for the treatment of CTCL (6) .
In vitro, vorinostat has been shown to induce an accumulation of acetylated histones and cause cell cycle arrest and apoptosis in tumour cell lines derived from various tumour types including CTCL (7, 8) .
The clinical efficacy of vorinostat alone or in combination with other treatments has been assessed in several tumours such as non-small cell lung cancer (9, 10), myeloid leukaemia (11) and breast cancer (12) , and is currently under investigation in numerous cancers.
In CTCL patients, the clinical efficacy of vorinostat has been shown in 2 phase II studies (13, 14) conducted in 74 and 33 patients, respectively, with a response rate of 29.7% and 23.4%, respectively. Vorinostat is indicated for the treatment of refractory or relapsing CTCL after failure of at least 2 first-line systemic treatments (6). Since these 2 pivotal studies published in 2007, there has been little published data on vorinostat for the treatment of CTCL.
We therefore decided to conduct a retrospective study to assess the efficacy and safety of vorinostat in standard practice, outside the context of a clinical study, in a cohort of patients with CTCL treated with vorinostat between December 2007 and March 2013.
MATERIALS AND METHODS

Patients
This retrospective study included all patients with CTCL who were treated with vorinostat in the Dermato-Oncology Department, Nantes University Hospital between December 2007 and March 2013.
The diagnosis of CTCL was based on clinical, histological, immunohistochemical and molecular biology features (T-cell receptor gene rearrangement in the blood and skin).
All patients were classified according to the TNMB classification of the International Society for Cutaneous Lymphomas (ISCL)/EORTC (2) .
For each patient, the following data were collected before treatment initiation: age, gender, duration of lymphoma, topical and systemic treatments previously received, medical history, extension assessment including thoraco-abdomino-pelvic computed tomography, biopsies of suspicious adenopathies, laboratory tests, such as kidney, liver and thyroid function, lipid profile, and Sézary cell count.
Assessment
The objective of this study was to assess the efficacy and safety of vorinostat in patients with CTCL persisting or progressing after failure of at least 2 first-line systemic treatments.
The therapeutic response was assessed globally in all compartments (skin, nodes, blood). A complete response was defined as the complete clinical, biological and histological disappearance of the CTCL. A partial response was defined as a reduction in at least 50% of the lesions. A progression was defined as a worsening of 30% of the lesions, blood or visceral lymph node spreading of the CTCL, or a major CTCL-related degradation of the general condition. Patients not meeting these definitions were considered stabilized.
Patients were assessed monthly through clinical and biological parameters, and some patients underwent skin biopsies (for histology and molecular biology).
The time to response was defined as the time between the first vorinostat administration and the first response to treatment observed. The time to the best response under treatment was defined as the time between the first vorinostat administration and the best response observed under vorinostat. The response duration was determined from the first response observed until disease progression.
Vorinostat-related adverse events were graded according to the Common Terminology Criteria for Adverse events (CTCAE) classification Version 4.0 (15) .
Treatment
The treatment was prescribed after obtaining a Temporary Use Authorization (TUA). Vorinostat was administered orally, once a day, at a dose of 300-400 mg/day, on an outpatient basis. The starting dose was determined individually: in the absence of comorbidities treatment was initiated at a dose of 400 mg/day, and in patients at high risk of thromboembolism or with liver or renal failure, the starting dose was 300 mg/day. In case of poor tolerance, the dose was reduced to 300 mg/day or 300 mg/ day 5 days a week. The treatment was continued until disease progression or occurrence of an unacceptable adverse event.
RESULTS
Patients
Fifteen patients were included (9 men, 6 women, median age 64 years (range 36-76 years)). There were 2 early stages (2 stages IB), 13 more advanced stages (2 stages IIB, 2 stages IIIA, 9 stages IVa). Nine patients had SS (60%), 6 patients had MF (40%) of whom 2 had pilotropic MF and 1 had CD30-transformed MF (Table I) .
Eighty-seven percent of patients had received at least one topical treatment before vorinostat initiation. The median number of topical treatments previously administered was 3 (range 0-7). The topical treatments previously received were: carmustine in 6 patients, mechlorethamine in 6 patients, dermocorticoids in 2 patients, PUVA therapy in 7 patients, UVB-TL01 in 10 patients, and radiotherapy in 5 patients. Most patients (87%) had previously received at least two systemic treatments. Only 2 patients (13%) were treated with vorinostat who had previously received only one systemic treatment, because of a contraindication to the other systemic treatments available at that time. The median number of systemic treatments previously administered was 3 (range 1-7).
The systemic treatments previously administered were: interferon-α in 12 patients, pegylated liposomal doxorubicin in 4 patients, bexarotene in 14 patients, alitretinoin in 1 patient, acitretin in 1 patient, methotrexate in 2 patients, and romidepsin in 4 patients.
The mean CTCL duration was 7.4 years (range 1.6-20.3; median 6.7 years) at the time of vorinostat initiation.
Treatment
Vorinostat was administered at a dose of 300 mg/day in 8 patients and 400 mg/day in 7 patients. The mean treatment duration was 264 (range 2-783) days (median 205 days). At the end of the study, 1 patient was still being treated with vorinostat.
Response to treatment
With a mean follow-up duration of 497 (range 2-1594) days (median 307 days), the best response observed was a partial response in 5 patients (33%); no complete response was observed. Respectively, 6 (40%) and 4 (27%) patients experienced disease stabilization and progression under treatment (Table I) .
The responses obtained according to the type of lymphoma, disease stage and vorinostat dose are shown in Table II .
In univariate survival analysis, no factor influencing the response was found, including age (HR = The reasons for treatment discontinuation were its ineffectiveness in 11 patients (53%) and the occurrence of adverse events in 3 patients (26%). Only 1 patient was still being treated at the end of the study.
Vorinostat was prescribed as monotherapy in 9 patients, in combination with UVB-TL01 phototherapy in 3 patients, PUVA-therapy in 1 patient, interferon-α in 1 patient and bis-chloroethylnitrosourea in 1 patient.
Among the 5 responders at the end of the study, 1 was still being treated with vorinostat as maintenance therapy. Vorinostat was discontinued in the 4 remaining responders due to prolonged hyperthermia in 1 patient and disease progression after initial response in the 3 remaining patients.
In the 9 patients with Sézary syndrome, the rate of Sézary cells under treatment with vorinostat had decreased in 2 patients (including 1 responder and 1 non-responder) and was stable or increased in the remaining patients.
Adverse events
The most frequent grade I-II adverse events were weight loss (47%), asthenia (40%), anaemia (40%), anorexia (33%), increase in serum creatinine (27%), thrombopaenia (20%), and vomiting (20%) ( Table III) .
Five grade III adverse events were observed: sepsis in 2 patients, asthenia in 1 patient, anorexia in 1 patient and chronic renal failure in one patient. Concerning this patient, he had a pre-existing chronic renal failure grade 2, which worsened into chronic renal failure grade 3 under treatment.
Four grade IV adverse events were observed: 3 deaths unrelated to vorinostat, but due to disease progression, and 1 anaemia at 5.6 g/dl. Complete aetiological assessment of the case of anaemia highlighted a hypoplastic normocytic anaemia with normal vitamin B12, folate and iron status, normal haptoglobin, normal thyroid function and absence of inflammatory syndrome.
DISCUSSION
This study revealed a response rate of 33% (5/15) in patients with refractory or resistant CTCL treated (4) 13 (2) 13 (2) 400 mg/day (n = 7) 0 7 (1) 27 (4) 13 (2) CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; MF: mycosis fungoides.
with vorinostat after failure of 2 first-line systemic treatments. This rate was slightly higher than those reported in the 2 pivotal studies published previously. This study was the first retrospective study to assess the use of vorinostat in patients with epidermotropic CTCL conducted in standard practice since its marked authorization was obtained in 2007.
Since the 2 pivotal studies published in 2007, there has been little published data on vorinostat for treatment of CTCL; only 3 studies have been published. The first study was a post hoc analysis performed in 2009 in the 74 patients of the multicentric phase IIB study (14) . Among the 6 patients responding to vorinostat and treated for at least 2 years, 5 maintained a clinical benefit (16) . Regarding long-term adverse events, the following grade III/IV adverse events were observed: anorexia (n = 1), increase in phosphokinase creatinine (n = 1), pulmonary embolism (n = 1), rash (n = 1) and thrombocytopaenia (n = 1) (16).
The second study was a phase I study (17) , published in 2012, on vorinostat at a dose of 400 mg/day in 6 Japanese patients. This study did not show any difference in terms of tolerance to, and pharmacodynamics of, vorinostat between the Japanese and non-Japanese populations studied previously (13, 14) . Assessing efficacy was not the primary objective of this study, but no objective response was observed in any of the 6 patients. However, there was an unconfirmed partial response and at least 12-week stabilization in 6 patients, suggesting the efficacy of vorinostat in the Japanese population (17) .
The third study was an in vitro study coupled with a phase I clinical trial of vorinostat in combination with bexarotene in 23 patients with CTCL. A synergistic effect of the 2 agents was highlighted in vitro. A partial clinical response was observed in 4 patients and a reduction in pruritus in 7 patients (18) .
The results of our study were obtained with offprotocol use of vorinostat in unselected patients with significant comorbidities and some elderly patients (median age 64 years; age range 36-76 years).
This 33% response rate is particularly interesting, given that this population with CTCL was already resistant to 2 first-line systemic treatments and most of them had an advanced form of the disease (13 patients were at least IIB stage).
In this study, tolerance to vorinostat was good. The most frequent adverse events observed were asthenia, weight loss, anaemia, increase in serum creatinine and anorexia in accordance with the previous studies on vorinostat. The frequency of renal failure was higher in our cohort (n = 5, 33%) than in the clinical trials of Duvic et al. (13) and Olsen et al. (14) (16% and 14.9%, respectively).
The very low number of severe infectious complications in our study should be noted. Indeed, 2 grade III (13%) and no grade IV infections were observed. In the study by Duvic et al. (13) , no infectious complication was observed. In the study by Olsen et al. (14) , which included 77 patients, only one case (1.4%) of grade III/IV infectious complication (a streptococcal bacteraemia) was observed.
Regarding infections, vorinostat has a considerable advantage compared with conventional chemotherapy, which is usually used at this stage of the disease. This is due to the absence of use of peripheral or central parenteral route and to the absence of major immunosuppression.
The absence of thromboembolic complications should be noted in this study, while they have been reported in 5% of patients in both pivotal studies as grade III/IV adverse events.
The time to response (TTR) was 10 weeks, in accordance with those previously observed (from 8 (14) to 12 (13) weeks). This TTR is important knowledge in clinical practice; it may appear relatively long, but it must be taken into account before considering treatment failure. The response duration in our study was 9.8 months. This is a sustained response compared with the other studies, which measured a response duration of 3.45-6 months. No factor influencing the response was found: the response was not influenced by age, gender, stage of lymphoma, number or type of previous treatment or dose of vorinostat.
The absence of influence of the number and type of previous treatments on the response seems to confirm the absence of cross-reactivity with currently available treatments, especially with bexarotene (received by all responder patients), as shown previously.
This study provides information on the efficacy of vorinostat in patients previously treated with another HDACi, the romidepsin. Among the 4 patients previously treated with romidepsin, 2 partial responses with vorinostat were noted. Among the 2 responders to romidepsin, 1 also responded to vorinostat, and the other remained stable. Among the 2 non-responders to romidepsin, 1 progressed and the other presented a PR>50% with vorinostat therapy.
The main limitations of this study were its retrospective nature with the resulting biases, which led to a global assessment of the response, which was not based on a tool such as mSWAT. Moreover, the sample size was limited, but it should be noted that CTCL is a rare condition and that patients treated with vorinostat necessarily had to be refractory to conventional treatments.
Although the response to vorinostat is promising, treatment escape is common. The mechanisms leading to histone deacetylase inhibitors (HDACi) resistance in CTCL are poorly known, they are probably multifactorial and have resulted in numerous studies (19) .
Recent advances in the knowledge of these resistance factors support the use of HDACi in combination with other therapies. The loss of the pro-apoptotic protein Bim and the abnormal activation of the mitogen-activated protein kinase pathway could be a fundamental resistance mechanism to HDACi compared with parental cells (19) . Chakraborty et al. (20) have therefore studied in vitro the combination of romidepsin, which is another HDACi, with an anti-mitogen-activated kinase (MEK) for the treatment of CTCL. In vitro, the anti-MEK combined with romidepsin leads specifically to apoptosis and could then be correlated with the restoration of Bim. HDACi combined with anti-MEK could therefore increase apoptosis in resistant mutated cells compared with HDACi alone, encouraging the use of this bi-therapy in future clinical studies.
Since pre-clinical studies have shown that the combination of RAR/RxR agonists and HDACi increases the action of RAR/RxR on gene activation and transcription, Dummer et al. (18) have recently studied the in vitro and in vivo efficacy of the combination of bexarotene and vorinostat for advanced resistant or refractory CTCL. They have shown that, when used in combination, vorinostat and bexarotene decrease CTCL cell line survival more significantly than each treatment alone. However, the clinical impact was low.
Overall, the results of the current study confirm those of previous clinical trials on refractory or relapsing CTCL after failure of 2 first-line systemic treatments in a population that have received numerous pretreatments in real-life conditions.
Vorinostat and, more broadly, the class of HDACi, represent promising therapies for the future for CTCL patients. The mechanisms of action of vorinostat and its resistance factors are unknown, but recent studies suggest clinical benefits of vorinostat when used in association with other treatments, such as bexarotene or anti-MEK, in combination or sequential regimen.
Many molecules belonging to the HDACi family have therefore been developed recently: belinostat, panabinostat, abexinostat, SB939, resminostat, givinostat, quisinostat, pentobinostat, and CUDC-101 and are currently under investigation as anticancer agents.
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